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1. Introduction 
Lithium is used as a drug in the treatment of cyclo- 
phrenic disorders; the literature on the biological 
effects of this cation is therefore very large (reviewed 
[I -41). As far as liver glycogen metabolism is con- 
cerned, administration of Li-Cl in vivo resulted in 
either a glycogen depletion [S], a glycogen increase 
[6], or no change was observed 171. These findings, 
however, cannot be directly compared because the 
experimental conditions differed. Furthermore, it has 
been reported that administration of lithium led to a 
decreased insulin secretion and an enhanced glucagon 
level in serum [8], and therefore some of the observed 
effects of lithium on glycogen levels might be secon- 
dary to changes in hormone levels. In in vitro liver 
systems, very little information is available on the 
action of this cation on carbohydrate metabolism. In 
the perfused liver, total substitution of perfusate Na’ 
with Li+ was reported to result in a membrane depo- 
larization, and in an inhibition of gluconeogenesis [9]. 
Here we show that as low as 1 mM lithium stimu- 
lated net glycogen production from glucose in isolated 
hepatocytes from 24 h fasted rats. Maximal stimula- 
tion was observed with lo-20 mM lithium, whereas 
at higher concentrations glycogen production 
decreased. Furthermore, it was found that the stimu- 
latory effect of potassium on glycogen production 
was additive to that of maximally effective lithium 
concentrations. 
2. Materials and methods 
Hepatocytes from 24 h fasted rats were prepared 
as in [lo]. Cell viability, as checked by trypan blue 
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exclusion and by measurement of lactate dehydrogen- 
ase leakage, was -90%. Preincubations (20 min) and 
subsequent incubatidns (60 min) were carried out 
with lo-25 X lo6 cells in stoppered 25 ml Erlen- 
meyer flasks which were gassed with O2 + COZ (95:5, 
v/v) and shaken at 37’C. Unless otherwise indicated, 
the medium for the preincubation (2.5 ml, pH 7.4) 
consisted of 113.4 mM NaCl, 6.48 mM KCI, 0.95 mM 
MgSGO.95 mM NaH*POd, 30 mM NaHCO,, 1.56 
mM CaClz and 4% albumin. After the preincubation, 
the incubations were started by the addition of iso- 
tonic solutions of salts and glucose as indicated in the 
tables. Isotonic NaCl solution was added to give 3 ml 
final incubation vol. The final incubation medium 
corresponded to a Krebs-Ringer bicarbonate buffer in 
which some of the Na’ and Cl- were substituted by 
other ions or glucose. Glycogen [ 111, lactate [ 121, 
pyruvate [ 131 and the activity of glycogen synthase 
a [ 14,151 were determined according to standard 
procedures. All results are expressed per gram liver 
wet weight, and a value of 125 X lo6 cells/gram 
liver wet wt was used. 
3. Results 
Addition of lithium to the incubation medium led 
to a highly significant increase of net glycogen produc- 
tion from both 10 and 30 mM glucose as substrate 
(table 1). As shown in fig.1, it took 30 min before an 
effect of lithium on glycogen deposition could be 
observed. However, glycogen synthase 0 activity 
reached its maximal level already after 5 min. In 7 
analogous experiments, 5 mM Li’ stimulated the acti- 
vity of glycogen synthase a, measured after 30 min 
incubation, by 223 f 50%. 
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Table 1 
Stimulation of net glycogen synthesis by lithium in 
hepatocytes 
Additions Glycogen deposition 
Glucose LiCl (% control * SEM) 
(mM) (mW 
10 1 137 f 9a 
10 5 233 i 14” 
30 1 111 + 2a 
30 5 134 + 4a 
a p values (paired data) were < 0.001 
Control values of glycogen synthesis (without Lit) from 10 
mM glucose, 2.11 2 0.37 rmol glucose g-’ . h-’ ; from 30 
mM glucose, 16.54 f 2.23 pmol glucose . g-’ . h-r . n = num- 
ber of experiments with hepatocytes from different cell prep- 
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Fig.1. Time course of the lithium effect on net glycogen syn- 
thesis and on activity of glycogen synthase a. Incubations 
were carried out in the presence of 10 mM glucose (o-0) or 
10 mM glucose + 5 mM Li+ (A-A). n = 3 incubations of the 
same cell preparation. 
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Fig.2. Effect of various concentrations of lithium or potassium 
on net glycogen synthesis in hepatocytes. The hepatocytes 
were preincubated for 20 min in Krebs-Ringer bicarbonate 
buffer, centrifuged and resuspended in fresh Krebs-Ringer 
buffer in which part of the Na+ was substituted by the indi- 
cated amounts of K+ or Li’. Substrate was 10 mM glucose. 
Incubation time 60 min. Results are mean * SEM of 4 incu- 
bations of the same cell preparation. 
Replacement of sodium by potassium is known to 
stimulate glycogen deposition in liver tissue [ 15,161. 
As shown in fig.2, this effect of potassium was con- 
firmed in our system. Lithium similarly stimulated 
glycogen deposition, but the effects of the two cations 
showed a different pattern. At 1 mM the stimulation 
by lithium was already significant, and it reached a 
maximal value at lo-20 mM. At higher concentra- 
tions, the stimulatory effect decreased and at concen- 
trations > 50 mM, glycogen deposition as compared 
to controlvalues was even partly inhibited. Potassium, 
on the other hand, showed the same pattern as obser- 
ved [15], being effective only at > 40 mM. Addition 
of potassium to the maximal effective concentration 
of lithium (20 mM) showed an additive effect (table 2). 
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20 mM Glucose 
20 mM Glucose 
20 mM Li’ 
20 mM Glucose 
90 mM K+ 
20 mM Glucose 
20 mM L? 
90 mM K+ 
3.65 + 0.15 
7.97 f 0.13a 
13.90 * 0.16a 
16.50 f. 0.07a 
References 
Birch, N. J. (1977) Lithium in Medical Practice (John- 
son, F. N. ed) MTP Press, Lancaster. 
Schou, M. (1976) Ann. Rev. Pharmacol. toxicol. 16, 
231-243. 
a p value (unpaired data) were < 0.001 
Incubation procedure as in legend of fig.2. 
n = 4 incubations with the same ceU preparation 
4. Discussion 
111 
121 
(31 
141 
[51 
161 
171 
[81 
In these experiments, lithium stimulated net gly- 
cogen production from glucose and glycogen synthase 
activity in hepatocytes from 24 h fasted rats. This 
effect is consistent with observations made with iso- 
lated muscle tissue, where lithium was shown to stim- 
ulate glucose uptake [ 17,181, glycogen production 
[19] and the activity of glycogen synthase I [20]. 
The results support the general hypothesis that lithi- 
um pulls glucose&phosphate away from glycolysis 
and diverts it towards glycogen synthesis by effecting 
glycogen synthase or (and) some other enzymes of 
glycogen metabolism. 
191 
1101 
[Ill 
Schou, M. (1973) Biochem. Sot. Trans. 1, 81-87. 
Johnson, F. N. ed (1975) Lithium Research and Thera- 
py, Academic Press, New York. 
Plenge, P., Mellerup, E. T. and Rafaelson, 0. J. (1970) 
J. Psychiat. Res. 8,29-36. 
Kruiik, R. and Zvolsky, P. (1970) Activ. Nerv. Sup. 
(Praha) 12,279-283. 
Olesen, 0. V. and Thomsen, K. (1974) Acta Pharmacol. 
Toxicol. 34,225-231. 
Mellerup, E. T. and Rafaelson, 0. J. (1975) in: Lithium 
Research and Therapy (Johnson, F. N. ed) pp. 
381-389, Academic Press, New York. 
Dambach, G. and Friedmann, N. (1974) Biochim. Bio- 
phys. Acta 332, 374-386. 
Walter, P., Nyfeler, F., Fasel, P., Von Glutz, G., Moser, 
U. K. and De Sagarra, M. R. (1976) in: Use of Isolated 
Liver Cells and Kidney Tubules in Metabolic Studies 
(Tager, J. M. et al. eds) pp. 159-164, Elsevier/North- 
Holland, Amsterdam, New York. 
Good, C. A.,Cramer, H. and Somogyi, H. (1933) J. Biol. 
Chem. 100,485-491. 
As seen in fig.2, we could observe a stimulation of 
net glycogen production by both potassium and lithi- 
um. Obviously lithium can stimulate glycogen produc- 
tion in liver as well as in muscle tissue. Potassium, 
however, which increases glycogen synthesis in liver 
tissue, has an opposite effect in muscle, where it has 
been shown to decrease glucose uptake [ 171, glycogen 
deposition [ 18 ] as well as glycogen synthase I levels 
[20]. Further experiments are needed to locate the 
site(s) of action of lithium and to study the effects of 
lithium in relation to those of potassium, glucose and 
various hormones on glycogen metabolism in more 
detail. 
[12] Gawehn, K. and Bergmeyer, H. U. (1974) in: Methoden 
der enzymatischen Analyse (Bergmeyer, H. U. ed) 3rd 
edn pp. 1538-1541, Verlag Chemie, Weinheim. 
113) Czok, R. and Lamprecht, W. (1974) in: Methoden der 
enzymatischen Analyse (Bergmeyer, H. U. ed) 3rd edn 
pp. 1491-1496, Verlag Chemie, Weinheim. 
1141 Thomas, J. A., Schlender, K. K. and Larner, J. (1968) 
Anal. Biochem. 25,486-499. 
1151 Hue, L., Bontemps, F. and Hers, H. G. (1975) Biochem. 
J. 152,105-114. 
116) Buchanan, J. M., Hastings, A. B. and Nesbett, F. B. 
(1949) J. Biol. Chem. 180,435-445. 
[ 171 Haugaard, E. S., Mendels, J. and Haugaard, N. (1975) 
Biochem. Pharmacol. 24,1187-1191. 
1181 Haugaard, E. S. Mickel, R. A. and Haugaard, N. (1974) 
Biochem. Pharmacol. 23,1675-1685. 
[ 19 ] Clausen, T. (1968) Biochim. Biophys. Acta 150,66-72. 
1201 Horn, R. S., Walaas, 0. and Walaas, E. (1973) Biochim. 
Biophys. Acta 313, 296-309. 
199 
